Abstract: Simultaneous measurements of metabolic rate, respiratory minute volume, respiratory frequency, and oxygen extraction from the inspired air were obtained during treadmill exercise in Svalbard reindeer (Rangifer tarandus platyrhynchus) and Norwegian reindeer (Rangifer tarandus tarandus). The experiments we carried out both in summer and winter at ambient temperatures and running speeds ranging from +12 to -30°C and 3.7 to 9.0 knvh 1 , respectively. We found that respiratory minute volume was generally lower in summer than in winter for a similar ambient temperature, and also that respiratory minute volume was reduced at low ambient temperature both in summer and winter. The change in respiratory minute volume was inversely related to oxygen extraction, the latter being at its highest at the lowest ambient temperature and running speed in summer. Reduction of respiratory minute volume, and hence respiratory water loss, at low ambient temperature is likely to contribute significantly to the survival of these species, particularly in winter when the animals can only replace body water with snow at low temperature.
Introduction
The Svalbard reindeer and the Norwegian reindeer both survive under the most austere nutritional conditions in the arctic and subarctic regions, where energy conservation is a matter of supreme importance. In winter, ambient temperature often rises above freezing foll- are equipped with fur of unsurpassed quality during winter, while respiratory heat and water loss are reduced by nasal heat exchange in the resting reindeer (Blix and Johnsen, 1983; Johnsen, et al, 1985a) .
Since oxygen consumption, and hence heat production, is largely independent of variations in ambient temperature in the exercising reindeer (Nilssen, et al, 1984) , the overall oxygen extraction in the lungs must be altered in accordance with the changes in minute volume that are normally associated with variations in thermal load. In order to elucidate further the respiratory adjustments which are accompanied by variation in thermal load, we have measured simultaneously respiratory minute volume, respiratory frequency, and oxygen extraction in exercising Svalbard and Norwegian reindeer subjected to different ambient temperatures in winter, when fur insulation is prime, and in summer when fur insulation is at its minimum. 
Methods

Results
The results from both the Norwegian reindeer and the Svalbard reindeer are presented in Fig.   1 . The values for metabolic heat production have been presented in a previous paper (Nilssen et al, 1984) .
In general, respiratory minute volume was higher in winter as compared to summer for a similar ambient thermal load, but lower at low, (Fig.l.) . This relationship is illustrated in Fig.2 .
Discussion
Previous studies in reindeer indicate that respiratory heat loss is low at low ambient temperatures, both during rest (Blix and Johnsen, 1983 ) and during short periods of exercise (Folkow and Mercer, 1986; Johnsen et al, 1985b) .
The present results support this view and suggest that respiratory minute volume and frequency, and hence respiratory water and heat loss, are low during exercise at low ambient temperature both in winter and in summer (Fig. 1) . Reduction of respiratory minute volume was always accompanied with an increase of oxygen extraction from the inspired air. Our results in exercising reindeer are consistent with previous observations in resting sheep (Joyce and Blaxter, 1964) and pigs (Ingram and Legge, 1969/70) during exercise at low ambient temperatures in the reindeer may, at least in part, be explained by an increase in tidal volume (Fig. 1) , but a combination of respiratory and circulatory adjustments, such as those described by Bech et al. (1984) in the pekin duck (Anas platyrhynchos), may also contribute to this end.
We suggest that reduction of respiratory minute volume, and hence respiratory water loss, in response to cold contribute significantly to the survival of reindeer, both at rest and during running. This would be particularly important in winter when the animal has to replace body water with snow at low temperature.
